Accurate estimates of the true additive genetic variance d) of a cross between two pure breeding varieties can be obtained from the additive genetic components of the first three ranks (D1, D2 and D3) when the latter are biased by the presence of linkage. Additive genetic variances of the lower ranks are directly equatable with =i d because they incur minimal bias even when the predominating linkages are strong. More precise estimates of d are however obtainable from the asymptotic regression analysis or a weighted least squares analysis.
INTRODUCTION
The effects of linkage on the expectations and estimates of additive genetic variance (D) are well documented (Jinks and Pooni, 1976 , 1984 Kearsey, 1985; Mather and Jinks, 1982) . In general, a linkage disequilibrium after summing over all pairs of loci, though not linkage per Se, leads to an underestimation or overestimation of the expected additive genetic variance I d for an excess of repulsion phase or coupling phase linkages, respectively (Jinks and Pooni, 1982) . Thus, while the biased estimates of the additive genetic variance from the early generations of a cross may approximate closely with the hitherto biased heritable variance of the F inbreds, neither of these statistics provide the true magnitude of the additive genetic variance when linkage disequilibrium is significant. in this paper we explore the possibilities of obtaining linkage free estimates of the additive genetic variance d and indeed show that this is possible both in theory as well as in practice. THEORY 
AND METHODS
According to Mather and Jinks (1982) the total additive genetic variance (F) in the nth generation of selfing from a cross between two pure breeding varieties can be obtained from the However, when linkages are significant the expectations of the additive genetic variances vary between the ranks and
where the linkage component 2(1 -2pYd4 is added for each pair of genes linked in coupling (C) and subtracted for each pair linked in repulsion (R) (for details see Jinks and Pooni, 1982) . Therefore additive genetic variances (D) when estimated from different ranks of a hierarchical analysis have the following expectations. (1 -2p) can be calculated by more than one method. However, the reliability of these estimates is completely dependent on the accuracy with which the average value of (1 2pq) is estimated.
Alternatively, we can vary the level of linkage disequilibrium (method 4). Many of these models, however, may fit the data and we shall select the most appropriate one by applying the following criteria. (a) All parameters must be significant. Thus the value of D steadily approaches its maxima of das r becomes large. Therefore, we can estimate d as an asymptote by carrying out an asymptotic regression analysis (method 5). The procedural details of this analysis are available from Patterson (1956 Patterson ( , 1960 and Snedecor and Cochran (1967) and will not be repeated here. EXPERIMENTAL 
DESIGNS
We require at least three additive genetic variances of different ranks (say D1, D2 and D3) to obtain a reasonably accurate estimate of d. Traditionally they can be obtained from the pedigree families derived by self-pollination or sib mating (Jinks and Pooni, 1984; Virk et al., 1981; Cooke and Mather, 1962) . However, in the absence of non-additive effects the hierarchical structure of the selfing or sib mating series must be taken to at least the fifth generation (F5 or S5) to obtain the estimates of D1, D2 and D3 (Jinks and Pooni, 1982) .
Alternatively, independent and unbiased estimates of D1, D2 and D3 can also be obtained by extracting doubled haploids from the F1, F2 and F3 generations of a selfing series. Another design that can provide the estimates of these components is the triple test cross. However, one needs to produce three triple test crosses (one each from the F2, F3 and F4 generations) and that would be expensive in time and space, although they will also provide an excellent opportunity for obtaining the three corresponding estimates of h that is, H1, H2 and H3. Finally, if it is possible to cross the material easily then the F3 and F4 generations can be replaced by the progenies of the first and second cycles of randomly mated F2's in which linkage disequilibrium declines by a factor of (1 -pa) with each cycle of random mating.
EXAMPLE
We demonstrate the practical applicability of our procedures by estimating d from hierarchically derived inbred lines of the cross between varieties 2 and 12 of Nicotiana rustica. A large sample (784) of these inbreds and 60 F13 lines obtained from the same cross by single seed descent were raised during the summer of 1982.
Individual plants from the experiment were scored for heights at 4 and 6 weeks after planting in the field (H4 and H6), flowering time (FT), height at flowering time (HFT), leaf length (LL), leaf width (LW) and final height at the end of the season (FH). These data were initially analysed by Jinks and Pooni (1984) who also provide fuller details of the experiment and analytical procedures.
Hierarchical analysis of the 784 pedigree inbreds yields five mean squares. These and the relevant items of the analysis of variance of 60 F13 inbred lines have been tabulated in table 1. These analyses were originally given by Jinks and Pooni (1984) Jinks and Pooni (1984) .
CONCLUSIONS
In this paper we have set out to demonstrate that it is possible to obtain unbiased estimates of the additive genetic variance d in the presence of linkage disequilibrium. These estimates can be reliably obtained from the first three ranks (D1, D2 and D3) of the additive genetic variance that are extractable from the pedigree families of a selfing or sib mating series (see Jinks and Pooni, 1984; Virk et a!., 1981; Cooke and Mather, 1962, for details). Because pedigree inbreeding is the lynch pin of a large number of breeding programmes this kind of information is often available and therefore can be used for estimating d. This in turn can provide a second opinion about the potential of the breeding material at a half way stage of a breeding programme and thus can help the breeder in formulating a long term breeding strategy.
In theory, methods 1 and 2 provide estimates that are only close approximations to the true Every "between families" mean square is significant when tested against the appropriate error. FIFT and this can only be due to the low reliability of the estimates of D1, D2 and D3. Method 5 on the other hand provides an unrealistic estimate for H4 and its estimate for H6 is twice as large as any other. Again, the source of this ambiguity is the negative correlation that exists between the estimates of rank variances for these characters.
These estimates further confirm that the true additive genetic variance of the V2 x V12 cross is much larger than the genetic variance of the first cycle inbreds (F13 lines) for all characters except leaf length (LL) and leaf width (LW). Hence we have always underestimated the true inbreeding potential of this cross by a wide margin. We can, therefore, expect to extract inbreds which are even more superior and have a wider range of performances in the second and third cycles of inbreeding.
